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Steve Attwood, Auldwood 
Mxg bioenergy shelterbelt growing on an irrigated intensive dairy farm on the Canterbury Plains in New Zealand.




























































































































• Land-use change is a potential 
environmental risk that may be exac-
erbated by bioenergy development.
• Many are concerned that the poten-
tial competition between energy 
crops and food crops might result in 
increased food commodity prices.
• An alternative approach is to inte-
grate second-generation bioenergy 
crops into the farming system by 
using them to recreate shelterbelts. 
Recent changes in farming prac-
tices, such as the installation of 
center-pivot irrigation with a height 
clearance of greater than two meters, 
have led to widespread removal of 
shelterbelts. Mxg can compensate for 
these changes as it allows the center 
pivot to pass through it and is not 
restricted by the height of the pivot.
• Biomass production is only one of 
15 possible ecosystem services 
shelterbelts can provide that improve 
sustainability of the farming system.
• Renewable diesel plants using US 
technology can generate this fuel 
from biomass. If farmers are able to 
develop a small generating unit, the 
use of this technology would allow 
for on-farm production and energy 
consumption, further creating a 
sustainable production system.




































































































(billion litres) Major Feedstock
Europe 10 Corn / soya bean / OSR
North America 40 Corn / soya bean
South America 25 Corn / sugar cane
Africa 2 Animal dung / jatropha
Australia/Asia 4 Palm oil / OSR
OSR – oil seed rape (Canola)
Authors 
Table 1. World biofuel production is largely based on first-generation bioenergy feedstocks























































































Table 2. World bio-ethanol production in 2010.











United States 40 Corn / Wheat
Brazil 25 Sugar Cane
China 3 Corn / Cassava / Rice
Canada 2 Corn / Wheat
Country Major Feedstock








































Adapted by authors from Hill et al. 
The net energy balance of maize grain (corn) ethanol as estimated by six recent studies, most recently by Hill et al.10 All eleven input and output categories 
are ordered as they are shown in the legend, but some are so small as to be imperceptible. Only the estimate of Hill et al.10 includes all eleven categories. 
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Adapted by authors from Wratten et al., Ecosystem Services in Agricultural and Urban Landscapes, 2013
Various ecosystem services provided to farming systems by shelterbelts.












































































































































Shelterbelts have an important role in improving the 
sustainability of the farming system, but they are 
undervalued and consequently have been declining.























































Keri Sailer/LaMoure Chronicle/via Dakotafire Media
Trees removed from a windbreak in LaMoure County, US, are piled up to dry so that they may be burned later. Aging shelterbelts and windbreaks are being 
removed all over the eastern Dakotas.















































Newly established Mxg bioenergy shelterbelt two months after planting on a New Zealand dairy farm. 













































































A center-pivot irrigation system in New Zealand.
Christopher Littlejohn 
Newly established Mxg bioenergy shelterbelt two months after planting on a New Zealand dairy farm. 
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Map A.
Authors 
Map B. Pasture yield maps of one shelterbelt trial field from C-Dax records using the Kriging method of analysis in 
ArcMap 10.1, showing possible shelter effect in A (shelter present) but not in B (shelter absent). A – Mxg shelter 2.5 m 
high. B – Mxg shelter removed by previous grazing due to a southerly wind causing cows to crowd in this area, break 
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Placement of bumblebee motels and skink rest areas into young Mxg shelterbelts.























































An Mxg bioenergy shelterbelt in its third season on a New Zealand dairy farm.
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Previous research suggests that integrated farming 
systems have the potential to improve the energy and 
GHG balances and biodiversity compared to both 
organic and conventional systems.

























































































































Planting plan of Mxg bioenergy shelterbelts at a commercial dairy farm on the Canterbury Plains, New 
Zealand.
